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ABSTRACT 

If the large-scale galaxy distribution is filamentary, as suggested by some 
observations and recent hydrodynamical simulations, then lengthwise views of 
filaments will apparently produce compact groups (CGs) that are in reality 
stretched out along the line of sight. This possibility has been advocated 
recently by Hernquist, Katz & Weinberg (1994). 

Here, we propose a test for this hypothesis using X-ray emission from CGs. 
The observable quantity Q = L^a^/ L^T^'^ should be proportional to the axis 
ratio of the group, a/c, where a and c are the long and short axis of a prolate 
distribution, ap is the radius of the group projected onto the sky, L^ is the 
bolometric X-ray luminosity, Lg is the group blue luminosity, and T^ is the gas 
temperature. We find that the distribution of Q is consistent with the notion 
that many spiral-rich CGs with unusually small values of (a/c) are frauds, i.e. 
that the values of Q are anomalously small. An alternative possibility is that 
CGs are gas-poor relative to rich clusters; however, this can be tested using the 
Sunyaev-Zeldovich effect. If the groups have a normal ratio of gas-to-total mass, 
but are simply stretched out along the line of sight, a Sunyaev-Zeldovich signal 
should be detectable. 



1. Introduction 



"Compact Groups" (CGs) of galaxies are typically defined as associations of at least 
four relatively large galaxies within a circular area, projected onto the sky, having a radius 
^ 100 h~^ kpc. Exactly 100 such systems have been identified by Hickson (1982, 1993) and 
his collaborators. The groups in his sample are generally referred to as Hickson Compact 
Groups (HCGs), and are numbered as in Hickson (1993). The physical nature of compact 
groups, their evolutionary status in the face of dynamical friction, their puzzlingly high 
Mbaryon / Mtotai ratios, and even the reality of these systems are uncertain in the extreme. 
Recently, Hernquist, Katz & Weinberg (1994; hereafter, HKW) suggested, on the basis of 
new hydrodynamic simulations, that a significant fraction of HCGs are not physically bound 
systems, but rather are chance projections of galaxies separated along the line of sight by 
distances far greater than the ~ 39 h~^ kpc projected pairwise separations between their 
members {e.g. Hickson et al. 1992). The extensive literature concerning the observations 
and physical modeling of these puzzling systems is carefully reviewed in the papers cited 
above and thus, for brevity, will not be discussed here. Our purpose is to suggest a new test, 
based on X-ray observations, to determine whether or not HKW's hypothesis is correct. On 



the basis of our analysis, the answer appears to be in the affirmative: most of the compact 
groups containing spirals are probably frauds. 

It is worth noting a physical reason, pointed out by HKW and distinct from prior 
cited arguments, why CGs are suspicious. The redshift surveys performed by the CfA 
and Arecibo groups (e.g. Geller & Huchra 1989; Giovanelli & Haynes 1993) show that 
galaxies are not distributed randomly even on large scales, but are organized into walls and 
filaments. Recent hydrodynamical simulations of the formation of cosmologic structure 
{e.g. Katz, Hernquist & Weinberg 1992; Cen & Ostriker 1992, 1993) contain such filaments. 
These studies, as well as the recent work by Gnedin (1994) and Bertschinger & Jain 
(1994), indicate that collapsing and intersecting Zeldovich pancakes are optimal sites for 
galaxy formation, providing a physical mechanism to explain the striking results provided 
by galaxy surveys. It is clear on statistical grounds that spurious high surface density 
projected groups will be more likely if galaxies are formed in chains or filaments than if 
they are distributed randomly or in spherically symmetric ensembles. HKW showed that 
chance, edge-on sightings of long galaxy chains are, in fact, roughly consistent with the 
observed frequency of HCGs, if the numerical modeling of HKW is, in this respect, a 
reliable caricature of the real Universe. 

Here, we propose a new observational test of the physical nature of compact groups. 
Suppose that a CG is contained within a prolate ellipsoid of semi-minor axis a and 
semi-major axis c and is viewed along its major axis. As an example, assume that the gas 
in the CG is distributed according to the density profile 

p = p^{l + x'/a'+y'/a' + z'/c')-\ (1) 

where the exact form is taken only for the sake of definiteness. It will be seen below 
that our arguments are dependent only on the shape factor (c/a) and not on the detailed 
form of the gas distribution. The X-ray luminosity {L^) of the gas is proportional to 
/(r) p^ Volume oc f{T) Mg^^/Volume, where f{T) depends on the X-ray band observed, 
the X-ray spectrum, metallicity, and so forth, but is not a strong function of temperature 
and typically varies between the limits T~^'^ to T~^^'^. Thus, for the assumed gas 
distribution, it follows that L^ oc f{T) M^^^ a~^ (^/c)- Hence, if all groups and clusters 
were spherical and had known radii, gas mass, and temperature, we would expect the 
quantity Q' = L^ a^/[Mg^g f{T)] to be an observed constant, and a variation of Q' among 
clusters would indicate the distribution of (a/c), all other factors being equal. Unusually 
low observed values of Q' for certain systems would imply unusually small values of (a/c); 
i.e. very elongated groups and clusters. Given our ignorance of some of the parameters 
entering into the definition of Q\ we define instead an observationally measurable quantity 
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where ap is the projected radius, L^ is the bolometric X-ray luminosity, Lg is the blue 
galactic luminosity, and f{T) gives the temperature dependence for Bremsstrahlung (or 
Raymond- Smith) emissivity. We adopt a Hubble constant of 100 h km s~^ Mpc~^ and note 
that Q scales as h~^ . It has been known for some time that the scaling relation L^ oc L^ is 
approximately valid for groups and clusters (Jones & Forman 1992). The physical origin of 
this relation is that ap and f{T) range far less for real physical systems than do L^ and Lg, 
so the near constancy of Q for normal X-ray clusters implies this scaling between L^ and 

Lg. 

Now that we have defined an observable quantity Q, we can examine its distribution 
among known groups and clusters of galaxies. Neglecting for the moment correlations 
amongst observables, the variance in Log Q should be composed of twice the variances in 
Log {Mtotai/ Lg) and Log {MgasjMtotai)-, if clusters and groups are roughly spherical, with an 
extra dispersion produced by elongated systems. 

2. Results 

In this study, we use all rich clusters (12 in total) which have accurately measured 
total blue luminosity (Oemler 1974; Kent & Gunn 1982; TuUy & Shaya 1984; Postman et 
al. 1986, 1988; West et al. 1989; Hughes 1989; Bird et al. 1993), and X-ray temperature 
and bolometric X-ray luminosity (Edge et al. 1990; Edge & Stewart 1991; Henry & Arnaud 
1991; David et al. 1993). We also include two Morgan poor clusters, MKW4 and AWM4 
(Morgan et al. 1975; Albert et al. 1977; Kriss et al. 1983). For the projected radial extent 
(flp), we take it to be the radius which contains 50% of the total X-ray emission, and is 
approximately 1.0 h~^ Mpc for rich clusters and 0.5 h~^ Mpc for poor clusters. 

We compare these clusters with the optical and X-ray properties of 10 Hickson CGs 
(Hickson 1982; Hickson et al. 1992) and the CfA group NGC 2300 (Huchra & Geller 1982). 
The X-ray data for these groups is taken from the ROSAT observations of Pildis, Bregman 
& Evrard (1994; hereafter, PBE). In only two of their CGs and the NGC 2300 group was 
diffuse X-ray emission detected. Accurate estimates of the diffuse X-ray emission from 
the other 8 CGs could not be obtained, either because there was no measurable diffuse 
emission or because the diffuse emission could not be separated from that from individual 
galaxies (PBE). For these 8 groups, we calculate upper limits to the diffuse component 
by summing the X-ray luminosities of all the member galaxies. When required, a typical 



X-ray temperature of 1 keV is assumed. In the cases where an X-ray surface brightness 
profile for the group can be estimated, we take ap to be the radius which contains 50% of 
the X-ray emission. (Note that ap = ayS for the density distribution given in Eq. 1.) 
Otherwise, ap is taken to be the optical extent of the CGs, which is roughly coincident 
with the other definition when both measures are available. Relevant parameters of these 
groups, including spiral fraction, total blue luminosity, projected radial extent, and X-ray 
luminosity are listed in Table 1. We also indicate which groups have only upper limits to 
their diffuse X-ray emission. 

In Figure la, we compare the X-ray and optical properties of the poor and rich 
clusters with the CGs. For each system, we show the bolometric X-ray luminosity 
times the projected radial extent cubed as a function of total blue luminosity times 
/(r)i/2. Here, /(T) is taken to be /(T) = {kTy^\ The filled black circles indicate 
poor and rich clusters. The solid line shows a best-fit to the cluster data of the form 
Log (ixflp) = 2 X Log (Lg/(r)-^/^) — 24.82. The open circles are group data from PBE, where 
open circles with arrows pointing downwards indicate upper limits to the diffuse X-ray 
emission. We note that previous analyses of ROSAT observations of HCG 62 (Ponman & 
Bertram 1993) and ROSAT and ASCA observations of the NGC 2300 group (Mulchaey et 
al. 1993; Mushotzky 1994) yield values of ap and L^ discrepant from those of PBE, which 
is likely due to different background subtractions and assumptions about metallicity (see 
PBE). These earlier values are ap = 0.09 /i"^ Mpc and L^ = 0.0275 X 10^^ h'^ ergs 5"^ 
for HCG 62 and ap = 0.03 h'^ Mpc and L^ = 0.0058 x 10^^ h'^ ergs s'^ for NGC 2300, 
where ap is again approximated as the radius containing 50% of the X-ray emission. These 
measurements are indicated in Figure la by filled triangles. 

In Figure lb, we show a histogram of the values of Log Q (Eq. 2), measured in 
10^^ ergs s~^ Mpc^ L'^ keV~^'^. The poor and rich clusters are denoted by the open 
histogram with the solid line indicating the best-fit gaussian which has a mean —24.82 and 
a standard deviation 0.41 (indicated by the bar). The histogram shown as horizontal lines 
denotes the groups with detected diffuse X-ray emission (PBE), while the histogram shown 
as vertical lines (with arrows) represents those groups with upper limits. The downward 
arrow near the top of the figure shows where a deviation of 3a from the mean of the clusters 
would lie. Only one compact group, HCG 62 (which contains no spirals), is marginally 
consistent with the clusters. Values of Log Q and the number of a deviations of each group 
from the mean are indicated in Table 1. 



Conclusions 



For normal rich and poor clusters, the quantity Q defined by Eq. (2) has, in fact, a 
rather small variance; the dispersion in Log Q is only a = 0.41. If we include with the 
normal groups the CGs containing only elliptical galaxies [on the grounds that ellipticals 
are typically found in truly dense regions (Dressier 1980)], then the dispersion increases to 
only 0.52. The remaining CGs, each of which contains at least one spiral, are all more than 
3a away from the peak, with a median separation from the normal groups of more than 8a. 
This provides prima facie evidence that most of the CGs containing spirals are in fact low 
density ensembles stretched out along the line of sight. 

Of course, other interpretations are possible. If Q is small for some group of objects, it 
may be the case, as can be seen from Eq. (2), that (a/c) is of order unity but that either 
{Mtotai/ Lg) or (Mgas/Mtotai) IS Systematically lower for this subset. The first possibility 
can be excluded on the grounds that the values of {Mtotai/ Lg) determined for many of 
these groups, on the assumption that (a/c) ^ 1, are large, not small, with typical values 
Mtotai/ Lg ~ 100 - 500 h-'^ Mq/Lq (Hickson et al. 1992; Mulchaey et al. 1993; Ponman & 
Bertram 1993; PBE). 

But, could it be that (Mgas/Mtotai) is much lower for CGs than it is for clusters? In 
systems with a small escape velocity, explosive events (e.g. multiple supernovae) should be 
able to eject gas more easily than in the great clusters (Yahil & Ostriker 1973, Wyse & Silk 
1985), so such an effect is not physically implausible. But a straightforward test is available 
to check this option. The Sunyaev-Zeldovich effect is proportional to the integral of the 
pressure along a line of sight through a cluster. Specifically, 
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where we assume a characteristic group temperature of 1 keV and that ~ 40% of the total 
Mgas lies within a projected radius ap. 

Thus, for the values of [Lg/a^) listed in Table 1, a detectable Sunyaev-Zeldovich 
effect is expected on the assumption that (Mgas/Mtotai) and [Mgai/Lg) are in the normally 
observed ranges. 

The data set we have used in our preliminary investigation is small, and significant 



observational uncertainties remain. In addition, as mentioned above, there is still the 
possibility that (Mgas/Mtotai) is low for CGs. However, the distribution of Q values is so 
suggestive and the segregation of CGs with spirals to very low values of Q so stark that we 
believe further work to confirm or reject the analysis presented here is warranted. 
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Figure Captions 

Figure 1. Comparison of X-ray and optical properties of poor and rich clusters with small 
and compact groups. Panel (a) shows L^a^ versus Lgf{TY'^. The filled black circles 
indicate poor and rich clusters. The solid line gives the best-fit to the cluster data (see 
Sect. 2). The open circles are derived from the CG group data of PBE, where open 
circles with arrows pointing downwards indicate upper limits to the diffuse X-ray 
emission. The filled triangles indicate previous X-ray analyses of HCG 62 (Ponman & 
Bertram 1993) and the CfA group NGC 2300 (Mulchaey et al. 1993). In this panel, 
Lx is measured in 10^^ ergs/sec, a^ is measured in Mpc, Lg is measured in Lq, and kT 
is measured in keV. 

Panel (b) shows histograms of Log Q (Eq. 2). The poor and rich clusters are 
indicated by the open histogram with the solid line providing the best-fit gaussian 
which has a mean —24.82 and a standard deviation 0.41 (indicated by the bar). The 
horizontal-line histogram represents the PBE detections of diffuse emission from CGs 
(and the NGC 2300 group), while the vertical-line histogram (with arrows) represents 
upper limits on diffuse emission in the remaining CGs. Regions of histogram that 
have both horizontal and vertical lines imply that there are two separate bins; one 
for CGs detected and the other for CGs with an upper limit to the diffuse X-ray 
emission. The downward arrow near the top shows where a deviation of 3o" from the 
mean of the clusters would lie. Only one group, HCG 62 (all ellipticals), is marginally 
consistent with the clusters. 
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Table 1 : X-ray and Optical Properties of Compact Groups 



Group 


# of spiral/total 


L, 


flp 


L. 


LogQ 


a 


Upper Limit 


Name 




(ergs s 1) 


(Mpc) 


(10^4 ergs s-i) 








HCG 2 


3/3 


2.21 X 10 1° 


0.045 


0.00013 


-28.63 


9.3 


Y 


HCG 4 


1/3 


5.43 X 10 1° 


0.044 


0.03102 


-27.05 


5.5 


Y 


HCG 10 


3/4 


7.16 X 10 1° 


0.077 


0.00020 


-28.76 


9.6 


Y 


HCG 12 


1/5 


6.54 X 10 1° 


0.044 


0.00228 


-28.27 


8.4 


Y 


HCG 44 


3/4 


1.64 X 10 1° 


0.033 


0.00005 


-29.19 


10.7 


Y 


HCG 62* 


0/3 


2.43 X 10 1° 


0.100 


0.00537 


-26.04 


3.0 


N 


HCG 68 


1/5 


4.31 X 10 1° 


0.039 


0.00033 


-28.97 


10.2 


N 


HCG 93 


3/4 


6.53 X 10 1° 


0.066 


0.00015 


-29.00 


10.2 


Y 


HCG 94 


1/7 


1.46 X 10" 


0.051 


0.19800 


-26.91 


5.1 


Y 


HCG 97 


2/5 


4.41 X 10 1° 


0.075 


0.00363 


-27.19 


5.6 


Y 


NGC 2300* 


2/3 


8.20 X 10 1° 


0.076 


0.00080 


-28.27 


8.4 


N 



* Previous analysis of the X-ray data of HCG 62 by Ponman & Bertram (1993) 
and NGC 2300 by Mulchaey et al. (1993) yield different values of a p and L^ than 
PBE (see Sect. 2). 



